In this paper, a new cooperation scheme is provided that implements the advantages of both DF and AF schemes to enhance the performance in wireless networks. We suppose that nodes can access the channel information and based on this, the cooperation scheme is selected and applied. This algorithm is repeated when channel states have an effective variety. We apply this strategy to a single relay system with square MQAM signals where optimum power allocation is employed. Simulations and comparisons verify that symbol-error-rate (SER) performance can be improved properly.
INTRODUCTION
Recently, cooperative communications has been proposed for wireless networks [1] [2] [3] [4] [5] [6] [7] . The basic idea is that in addition to the direct transmission, there may be other nodes that can relay the source information to the destination and diversity is enhanced. Various practical schemes have been proposed to exploit the benefits of cooperation among nodes. These schemes are usually classified into two categories: amplifyand-forward (AF) and decode-and-forward (DF) [1] . In AF, a relay node simply amplifies and retransmits the signal waveform received from a source. In DF, the received signal in relay node is demodulated and decoded before transmission. Due to the possibility of decoding error, DF can stop the cooperation scenario when this error probability is high. This can be determined by several methods like the source to relay channel quality information that is provided to nodes. Each scenario has its benefits and we can choose a cooperation scheme that is suitable for network conditions. AF requires low implementation complexity at the relay, and operates under all source-relay (S-R) channel conditions. However, AF also amplifies the noise power at the same time. Otherwise, DF can achieve a higher quality and performance when the S-R channel is good and the signal can be decoded correctly at the relay node [5, 8] .
In [9] , the symbol-error-rate (SER) performance of uncoded cooperation systems with either DF or AF cooperation protocols was investigated. Since the closed-form SER formulation is complicated, its asymptotically tight approximations at high signal-to-noise ratios (SNR) with PSK and square QAM constellations were derived. Based on these analyses, an asymptotically optimum power allocation procedure has been proposed.
In this paper, a simple relay channel is considered as shown in Figure 1 in which the channel coefficients are assumed to be circularly symmetric Gaussian distributed, and independent from each other. Furthermore, square MQAM constellations are used in nodes and power allocation scheme is optimum [9] . Based on channel information, relay node selects the appropriate cooperation scheme and send its decision to destination. This algorithm is repeated when information of channels have an effective variety. 
SYSTEM MODEL
We consider a cooperation strategy with two Phases. In Phase 1, the source broadcasts its data to the desired destination, and other neighboring nodes simultaneously. In Phase 2, the neighbors help the source by forwarding the information received in Phase 1. They may decode the received data and forward it, or amplify and forward it. We suppose that in both phases, all users transmit signals through orthogonal channels using TDMA, FDMA or CDMA schemes. For simplicity, we focus on a two-user cooperation scheme called relay channel.
In Phase 1, the source broadcasts its data to both the destination and the relay. The received signals y_sd and y_sr at the destination and the relay are, respectively:
(1) (2) in which P 1 is the transmitted power from the source, x=(x 1 +j x 2 ) is the transmitted data symbol with average energy P av [10] , n sd and n sr are additive noises, and h sd and h sr are the channel coefficients from the source to destination and relay, respectively. They are modeled as zero-mean, complex Gaussian random variables with variances σ sd 2 and σ sr 2 respectively. The noise terms n sd and n sr are also zero-mean complex Gaussian random variables with common variance N 0 . In Phase 2, with DF protocol, the relay forwards the correctly decoded symbol with power P 2 to the destination with a similar modulation type, or stays idle otherwise. The received signal at the destination in Phase 2 becomes : (3) where P ̃2 = P 2 if the relay decodes the transmitted symbol correctly, and P ̃2 = 0 otherwise. In (3), h rd is the channel coefficient from the relay to the destination, and it is modeled by a zeromean, complex Gaussian random variable with variance σ rd 2 . The noise term n rd is also assumed a zero-mean complex Gaussian random variable with variance N 0 . In practice, we may apply an SNR threshold at the relay. If the received SNR is higher than the threshold, then the symbol is correctly decoded with a high probability. Details of threshold optimization at the relay can be found in [11] .
With AF scenario, the relay amplifies the received signal and forwards it to the destination with transmitted power P 2 in Phase 2. The received signal at the destination in this Phase is specified by:
where h rd is the channel coefficient from the relay to the destination and n rd is an additive noise, with the same statistical models as in (3). More explicitly y rd : (5) where: (6) Under the assumption that n sr and n rd are independent, the equivalent noise component, n' rd , is a zero-mean complex Gaussian random variable with variance: [10] .
In both the DF and AF cooperation protocols, the channel coefficients h sd , h sr and h rd are assumed independent and the mobility and positioning of the nodes are incorporated into the channel statistical model. The channel coefficients are assumed to be estimated at the receiver, not at the transmitter.
The destination combines the received signals from the source in Phase 1 and relay in Phase 2, and extracts the transmitted symbols using maximal-ratio combining (MRC) procedure [12] . In both protocols we fix the total transmitted power P: P 1 + P 2 = P (7)
COOPERATIVE SCHEME SELECTION
In this section, we propose a new cooperation strategy to reduce SER. With this assumption that nodes can access to the channel information, relay can gain the conditional symbol error probability of both DF and AF schemes.
With the knowledge of the channel coefficients h sd and h rd , the destination extracts the transmitted symbols by combining y sd from the In square M-QAM constellations, the minimum achievable conditional SER (at destination) can be expressed as: (8) (9) (10) in which and is Marcum Q-function [13] [14] . γ 1,DF and γ 2,DF represent the SNR values of the first and second phase of DF scenario and γ AF is the SNR value of AF cooperation strategy all are measured in the input of the receiver. Furthermore we apply the optimum power allocation schemes to achieve the optimum SER.
Based on this result, relay implements one that less conditional symbol error probability belongs it. This strategy increase the CPU overloads. In some situations performance enhancement is more significant than CPU overloads or we can handle this overload. So we choose this scheme and apply it.
Furthermore we can apply SER and its tight approximations of it instead of conditional symbol error probability to reduce the calculations of this strategy. Studies in [14] and [10] suggest good and tight approximations of SER when we access to perfect and imperfect channel information respectively.
We should notice that relay in each transmission must send destination node that what strategy is selected. We can perform this with one control bit from relay to destination. This can transmit within data frame or carry along a secure channel.
SIMULATION RESULTS
We illustrate the performance of the proposed selected scheme algorithm through computer simulations. In all simulations, we assumed a cooperation system with the variance of the noise is 1 (i.e., N 0 = 2). Without less of generality in all simulation we consider a cooperation system with 4-QAM signals.
At first, we compare the resultant SER of the proposed scheme with pure DF and AF strategy. From Figure 2 , we observe that the performance of this selection scheme is improved with optimum power allocation in different channel qualities.
CONCLUSION
In this paper, a simple relay channel is considered in which the channel coefficients are assumed to be circularly symmetric Gaussian distributed, and independent from each other. We then propose a new cooperation strategy to reduce SER. Our proposed scheme is based on this assumption that relay node can access to the channel information, therefore it can calculate the conditional symbol error probability of both DF and AF strategies. Then relay node selects the appropriate cooperation scheme and send its decision to destination. This algorithm is repeated when information of channels have an effective variety. Simulations verify this strategy can improve SER of cooperation network.
